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© A plasma discharge endpoint detection system 
characterized by a plurality of individual data chan- 
nels which are combined to create a composite 
function representative of the conditions within a 
plasma etch chamber (20). Preferably, a number of 
the channels are representative of spectral compo- 
nents within the optical spectrum caused by the 
plasma discharge within the etch chamber (20). A 
multi-channel sensor assembly (48,60,62) is pro- 
vided for this purpose including a number of light- 
guides (48) for guiding light from the plasma dis- 
charge (20) to filters (60) and photosensors (62) 
associated with the multiple channels. Other chan- 
nels can detect various conditions such as the D.C. 
bias on a cathode within the plasma etch chamber 



(20). The various channels are digitized, weighted 
and summed within a digital computer to create the 
composite function from which endpoint and other 
conditions within the chamber can be determined. 
The method is characterized by the weighting and 
summing of a plurality of data channels carrying 
information about the conditions within a plasma 
etch chamber to develop a composite function and 
then analyzing the composite function to determine 
endpoint and other conditions. The endpoint detec- 
tion method compares the slope of the composite 
function to a predetermined maximum slope value 
and identifies endpoint when the maximum slope 
value is exceeded a predetermined number of times. 



Figure 6 




OPTICAL 
CHANNEL 



1 



EP 0 458 324 A2 



2 



, BACKGROUND OF THE INVENTION 

This invention relates generally to plasma etch 
systems used to process integrated circuit wafers 
and more particularly to methods and apparatus for 
detecting endpoint in plasma etch systems. 

Plasma etch systems etch layers of an in- 
tegrated circuit wafer by causing positively charged 
ions to bombard the surface of the wafer. The ions 
are produced within a plasma discharge over the 
wafer and are accelerated towards the wafer by a 
negatively charged cathode. The plasma discharge 
within standard plasma etch systems is created by 
applying radio-frequency (RF) power to both the 
cathode and an anode of the etch system, while 
the plasma discharge within reactive ion etch (RIE) 
systems is created by applying RF power to the 
cathode alone. In either system, the etch process 
is highly anisotropic due to the substantially per- 
pendicular acceleration of the positive ions towards 
the plane of the wafer. Anisotropic etching is desir- 
able because it permits very narrow linewidths to 
be formed in the integrated circuit wafer. 

It is very important to determine when the 
endpoint of the etch process has been reached. 
Prior to endpoint some of the etched layer remains 
and, therefore, the process is incomplete. After 
endpoint, excessive over-etching can occur, possi- 
bly damaging lower layers of the integrated circuit 
wafer. While a small amount of over-etching is 
common to ensure complete etching of the desired 
layer, it is still important to know when nominal 
endpoint has been reached to achieve accurate 
and repeatable etching. 

There are a number of prior art methods for 
monitoring endpoint. One such method uses laser 
interferometry to monitor the layer as it is being 
etched. Another method monitors the impedance or 
D.C. bias of the cathode. A third method, and the 
one most closely related to the present invention, 
optically monitors the emission of the plasma dis- 
charge to determine endpoint conditions. 

An example of a method for optically monitor- 
ing the plasma discharge within a plasma etch 
chamber is taught in U.S. patent 4,312,732 of De- 
genkolb et al. who describe the optical monitoring 
of a portion of a spectrum developed by a plasma 
discharge for changes which would signal endpoint. 
More particularly, Degenkolb et al. monitor the radi- 
ation from a preselected excited species including 
particles resulting from the chemical combination 
of entities from the wafer with entities from etchant 
gasses within the plasma discharge. When the 
radiation associated with the preselected species 
diminishes below a predetermined threshold value 
Degenkolb et al. consider endpoint to have oc- 
curred. 

A disadvantage of monitoring a single portion 



of a spectrum as taught by Degenkolb et al. is that 
the signal-to-noise ratio (SNR) of the signal can be 
quite low for certain processes. This can cause 
false readings of endpoint, possibly causing dam- 

s age to the integrated circuit wafer being processed. 
Another problem with monitoring a single spectral 
portion is that endpoint detection is optimized for 
only one etch process. For example, if different 
etchant gas concentrations were used or if different 

10 materials were being etched the spectral portion 
chosen for the original etch process might be in- 
appropriate for the new etch process. Furthermore, 
the prior art method of monitoring a single spectral 
portion is not well adapted to multiple-step etch 

is processes where a wafer is sequentially subjected 
to a variety of processing conditions. Multi-step 
processes can be used to etch a single layer under 
varying conditions, or can be used to etch multiple 
layers of differing types. 

20 

SUMMARY OF THE INVENTION 

The apparatus of the present invention is char- 
acterized by a sensor assembly which optically 

25 monitors the plasma discharge within a plasma 
etch chamber and a digital computer system which 
analyzes the signals produced by the sensor as- 
sembly. The sensor assembly includes a plurality 
of photosensors, each of which is responsive to a 

30 different spectral portion of the optical spectrum 
produced by the plasma discharge. The outputs of 
the photosensors are amplified to. produce a plural- 
ity of optical channels which are digitized and input 
into the digital computer system. Other channels, 

35 such as a D.C. bias channel, can also be digitized 
and input into the computer system. Data from the 
plurality of channels are mathematically combined 
within the computer system to form a composite 
function which, in turn, is analyzed to detect the 

40 endpoint condition. 

The method of the present invention monitors a 
plurality parameters associated with the operation 
of a plasma etch apparatus, forms a composite of 
the plurality of parameters and analyzes the com- 

45 posite to determine the etch condition within the 
plasma etch chamber. Each of the plurality of pa- 
rameters are weighted and then summed, and a 
D.C. bias level and noise are filtered from the 
weighted, summed parameters to form the corn- 
so posite. The slope of the composite function is 
compared to a predetermined value to determine 
endpoint or other etch conditions within the plasma 
etch chamber. 

An advantage of the present invention is that 

55 multiple channels are used to provide redundant 
emission data which, when combined, increases 
the sensitivity and signal-to-noise ratio of the de- 
tection system. The present invention is also ad- 
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vantageous in that many different etch processes 
can be monitored by changing the weighting fac- 
tors of the individual channels. Since the weighting 
of the channels is preferably performed within a 
digital computer system, the monitoring process 
can be quickly and easily modified under software 
control. In consequence, the present invention can 
be advantageously used in multi-step etch process- 
ing. 

These and other advantages of the present 
invention will become apparent to those skilled in 
the art upon a reading of the following specifica- 
tions and a study of the several figures of the 
drawing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a pictorial view of a multi-channel 
plasma discharge endpoint detection system in ac- 
cordance with the present invention. 

Figure 2 is an elevational view of the sensor 
assembly for the system depicted in Fig. 1. 

Figure 3 is an end view of a portion of the 
sensor assembly as seen along line 3-3 of Fig, 2. 

Figure 4 is a cross-sectional view of a portion 
of the sensor assembly as seen along line 4-4 of 
Fig. 2. 

Figure 5 is an end view of a portion of the 
sensor assembly as seen along line 5-5 of Fig. 2. 

Figure 6 is a pictorial diagram illustrating the 
operation of the photosensors of the system de- 
picted in Figs. 1-5. 

Figure 7 is a block diagram of an analog-to- 
digital converter of the system of Fig. 1 . 

Figure 8 is a flow diagram illustrating a method 
for detecting endpoint in accordance with the 
present invention. 

Figure 9 is a flow diagram illustrating a pre- 
ferred method for performing the step of calculat- 
ing a composite emission curve of Fig. 8. 

Figure 10 is a flow diagram illustrating a pre- 
ferred method for performing the step of detecting 
an endpoint condition in the composite emission 
curve of Fig. 8. 

Figure 11 is a graph illustrating the operation of 
the apparatus and method of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In Fig. 1, an endpoint detection system 10 in 
accordance with the present invention is coupled to 
a plasma etch system 12 which includes a cham- 
ber 14 and a cathode 16. A semiconductor wafer 
18 is supported by the cathode 16, and a plasma 
discharge 20 is formed over the cathode 16 by 
applying radio-frequency (RF) power to at least the 
cathode 16. By "plasma etch system" it is meant 



herein any system which produces a plasma dis- 
charge including conventional plasma etch systems 
where both a cathode and an anode are RF power- 
ed and reactive ion etch (RIE) systems where only 

5 the cathode is provided with RF power. 

The endpoint detection system 10 includes a 
sensor assembly 22 and a digital computer system 
24 which are coupled together by a cable 26. The 
sensor assembly 22 has a probe portion 28 which 

w extends into chamber 14 through an aperture in the 
chamber wall and a housing portion 30 which en- 
closes photosensors and analog circuitry of the 
sensor assembly. The digital computer system 24 
comprises a general purpose digital computer such 

75 as a personal computer, workstation or minicom- 
puter made by such well known manufacturers as 
IBM, Apple, Sun and Hewlett-Packard. The digital 
computer system 24 typically includes a base unit 
32 enclosing the CPU, memory, disk drives and I/O 

20 ports, a monitor 34 for visually displaying output 
from the system and a keyboard 36 for entering 
commands and data into the system. 

In Fig. 2, the sensor assembly 22 is shown In a 
partially exploded form to include the probe portion 

25 28 and the housing portion 30. Also shown are a 
mounting adaptor 38 and a housing end cap 40. 
The mounting adaptor 38 is preferably a split-ring 
clamp which is attached to a wall portion 42 of 
chamber 14 (see Fig, 1) and which clamps around 

30 probe portion 28 to hold the sensor assembly 22 
firmly to the wall portion 42. The end cap 40 closes 
the end of the housing portion 30 and permits 
access to the photosensors and electronic circuitry 
housed therein. As mentioned previously, cable 26 

35 couples the analog circuitry within the housing por- 
tion 30 to the digital computer system 24. 

The probe portion 28 Is an elongated member 
including a substantially cylindrical barrel 44 and a 
substantially cylindrical flange 46 of greater diam- 

40 eter than the barrel. With additional reference to 
Figs. 3 and 4, the barrel 44 is provided with a 
plurality of longitudinally extending bores or holes 
48 having a first end 50 and a second end 52. The 
holes 48 are preferably of a truncated, conical 

45 shape having an axis A which Is slightly angled by 
an angle a from the horizontal. The holes 48 serve 
as light guides which funnel additional electromag- 
netic radiation from the plasma discharge 20 to the 
second ends 52 of the holes 48. Preferably, the 

50 inner walls surrounding the holes 48 are reflective 
of the electromagnetic radiation at the frequencies 
of interest. 

Tne flange 46 Is provided with a number of 
cups 54 which open on second ends 52 of the 
65 holes 48. The cups 54 accommodate the filters of 
the sensor assembly 22 and are somewhat larger 
in diameter than the first ends 50 of the holes 48. 
The truncated, conical holes 48 are angled along 



5 



EP 0 458 324 A2 



6 



their axes A as previously described to provide a 
separation between the cups 54. However, there is 
no intrinsic reason that the holes 48 could not be a 
right, truncated cone by making the cups 54 small- 
er and placing them closer together. Threaded 5 
bores 56 are used to attach the probe portion 28 to 
housing portion 30 with suitable machine bolts (not 
shown). 

In Fig. 5, an end view of the housing portion 30 
reveals a number of raised bosses 58, a number of w 
transmissive optical filters 60 and a number of 
photosensors 62 located behind the optical filters 
60. As used herein, the term "photosensor" will 
mean any photosensitive device capable of creat- 
ing an electrical signal including, but not limited to, 15 
photocells, photoresistors, photomultipliers, etc. 
The bosses 58 engage the cups 54 of the probe 
portion 28 such that the filters 60 cover the second 
ends 52 of the holes 48. It should be noted that the 
second ends 52 of the holes 48 are smaller in 20 
diameter than the diameter of the filters 60. This 
ensures that the light guided by holes 48 will pass 
through filters 60 before impinging upon photosen- 
sors 62. Housing portion 30 is provided with a pair 
of unthreaded bore holes 64 through which the 25 
aforementioned machine bolts can extend to en- 
gage the threaded bores 56 of the probe portion 
28. 

Each of the filters 60 preferably pass a dif- 
ferent spectral component of the spectrum of elec- 30 
tromagnetic radiation developed by the plasma dis- 
charge 20. As will be discussed in greater detail 
subsequently, these spectral components are com- 
bined to form a composite which is more sensitive 
and which has a higher signal-to-noise ratio than 35 
any one of the spectral components taken individ- 
ually. In the present embodiment, the spectral 
components of the filters are centered at 340, 380, 
700 and 705 nanometers. 

With reference to Fig. 6, variable gain amplifi- 40 
ers such as amplifier 66 are coupled to the outputs 
of the photosensors 62. The output of an amplifier 
66 comprises one optical channel of the detection 
system. As pictorially illustrated at the left side of 
the figure, light 68 from the plasma discharge 20 is 45 
guided by holes 48 through the filters 60 to 
photosensors 62. Since the present embodiment 
includes four guide holes, filters and photosensors 
the output of the sensor assembly 22 will comprise 
four optical channels where each channel corre- so 
sponds to one of four spectral components of the 
spectrum of electromagnetic radiation produced by 
the plasma discharge 20. 

In Fig. 7 an analog-to-digital (A/D) converter 70 
has a number of analog inputs 71 and a cor- 65 
responding number of digital outputs 73. The four 
optical channels from the sensor assembly 22 are 
coupled to four of the analog inputs of the A/D 



converter 70 and a D.C. bias channel from the 
cathode 16 of the plasma etch system 12 is coup- 
led to the remaining analog input. As is well known 
in the art, the D.C. bias of a plasma etch system's 
cathode can be monitored to signal the endpoint of 
a plasma etch process. Each of these analog chan- 
nels is digitized by A/D converter 70 to produce a 
digital data channel D(i,t) where, in the present 
invention, i ranges from 1 to 5. The t variable is 
used to indicate that the data Is time variant, i.e. 
the data D(i,t) will vary in time according to the 
sampling rate of the A/D converter 70. Multi-chan- 
nel A/D converters are commercially available as 
plug-in boards for the base unit 32 of a digital 
computer system 24. The cable 26 therefore car- 
ries the analog optical channels to the digital com- 
puter system 24 where they are digitized and input 
into the computer system. 

Fig. 8 is a flow diagram illustrating a method 
for monitoring for endpoint which runs on the digi- 
tal computer system 24. In a first step 72 the multi- 
channel digital data D(i,t) is input from the A/D 
converter 70. A second step 74 calculates a com- 
posite emission curve E(t) from the data D(i,t) and 
a third step 76 detects an endpoint condition from 
the composite emission curve E(t). 

Step 74 is illustrated in greater detail in Fig. 9. 
In a step 78, a time-variant sum function S(t) is 
calculated by summing weighted values of the data 
D(i,t) at a particular point t in time. The weights are 
given by the multipliers A(i), which can be positive, 
negative or zero. In the present embodiment with 
five digital channels, the sum S(t) of the channels 
is therefore given by: 

S(t) = A(1)D(1,t) + A(2)D(2,t) + ... + A(5)D(5,t) 

It should be noted that a datum D(l,t) of a particular 
channel i can be effectively subtracted in the sum 
S(t) by providing a negative multiplier A(i) and can 
be entirely ignored by providing a zero multiplier 
A(i). 

In a step 80, a time variant background func- 
tion B(t) is developed by calculating a running sum 
of the sum S(t) from a start time f = 0 to t in 
discrete increments corresponding to the sampling 
rate of the A/D converter 70. The background func- 
tion B(t) is analogous to the D.C. component of the 
sum S(t) function, and is subtracted from the sum 
S(t) to form an offset function 0(t) in a step 82. In 
consequence, the offset function 0(t) is essentially 
the same as sum S(t) with the D.C. bias removed. 

Finally, in a step 84, the offset function 0(t) is 
digitally filtered to remove undeslred frequency 
components from 0(t) and to provide the compos- 
ite emission function E(t). The digital filter shown in 
step 84 is a digital notch filter which removes 
certain low frequency (e.g. approximately 1/2 hertz) 
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components of the offset function 0(t) caused by a 
rotating magnetic field within a plasma etch sys- 
tem. As a result of these steps, the composite 
emission function E(t) is a cleaned, unbiased repre- 
sentation of the etch conditions within the plasma 
etch system 12 as assembled from a number of 
channels of Information. 

Step 76 of Fig. 8 is illustrated in greater detail 
in Fig. 10. In a step 86 a counter c is set to 1. In a 
decision step 88 the counter c is compared with a 
value cmax which, in this preferred embodiment is 
the Integer 3. If the counter c is greater than cmax, 
endpoint is considered to have been reached in a 
step 90. If c is less than or equal to cmax, the 
slope of the composite emission function E(t) is 
calculated at a point in time t to see if the slope of 
the function is greater than a predetermined maxi- 
mum slope m. More specifically, the slope is cal- 
culated between a point E(t) and a point E(t-At), 
where At is a predetermined number of sampling 
increments before E(t). Of course, the method of 
determining slope shown in step 92 Is by way of 
example only, since there are many ways of cal- 
culating slope such as taking the first derivative of 
the composite emission function E(t). Also, end- 
point can be detected by a negative slope which is 
less than a predetermined minimum negative slope 
-m. 

Regardless of the actual algorithm used to 
compare the actual slope of E(t) against a predeter- 
mine value, the step 92 branches to step 86 upon a 
failure of the test condition and branches to a step 
94 when the test condition is met. This has the 
effect of resetting the counter c to 1 if the test 
condition fails and of incrementing the counter c if 
the test condition passes. If the test condition of 
step 92 does pass, the counter c is incremented 
and compared to cmax in step 88. The effect of 
this loop Is to detect endpoint only after the slope 
of the composite emission function E(t) is greater 
than the predetermined slope m cmax consecutive 
times in a row. This procedure minimizes false 
endpoint readings caused by noise or other tran- 
sients in the composite function E(t). Of course, 
every time step 92 Is performed t has been incre- 
mented by at least the sampling rate of the A/D 
converter 70. 

In Fig. 11, a graph of the operation of the 
method of the present invention as could be seen 
on monitor 34 of digital computer system 24 is 
shown. The abscissa of the graph is the time that 
the plasma etch process has been in progress, 
while the ordinate of the graph indicates the rela- 
tive intensity of the various digital signals. The 
depicted digital signals include a first optical chan- 
nel D(1,t) corresponding to a spectral component 
centered at 340 nm, a second optical channel D- 
(2,t) corresponding to a spectral component cen- 



tered at 380 nm, a third optical channel D(3,t) 
corresponding to a spectral component centered at 
700 nm and a fourth optical channel D(4,t) cor- 
responding to a spectral component centered at 

5 705 nm. The weighting factor or multiplier A(1) for 
channel D(1,t) was chosen to be -4.00, the multi- 
plier A(2) for channel D(2,t) was chosen to be 0.00, 
the multiplier A(3) for channel D(3,t) was chosen to 
be 1.00 and the multiplier A(4) for channel D(4,t) 

70 was also chosen to be 1 .00. The effects of the D.C. 
bias channel D(5,t) was eliminated by choosing a 
multiplier A(5) = 0.00. Therefore, the composite 
emission function ignores the second optical chan- 
nel and the D.C. bias level in this example. 

is The sum function S(t) is therefore the sum of 
the weighted channels D(i,t). As noted, the multi- 
plier A(1) is negative, which effectively subtracts a 
weighted value of 0(1 ,t) from the sum function S(t). 
This was done because the function D{1 ,t) exhibits 

20 a negative slope at endpoint while the remaining 
functions exhibit positive slopes on endpoint. As 
explained previously the background function B(t) 
is calculated by taking a running sum of the sum 
function S(t) and corresponds to the D.C. compo- 

25 nent of the sum function S(t). Finally, the compos- 
ite emission curve E(t) is developed by subtracting 
the background function B{t) from the sum function 
S(t) and performing whatever filtering function 
which is deemed desirable. 

30 As previously described, endpoint is detected 
at a time T when the slope of the composite 
emission function E(t) is greater than a predeter- 
mined value m. Since the time interval At is rela- 
tively small, endpoint can be approximated by the 

35 value T rather than the actual endpoint value, of T- 
At. It should be noted that the slope of the com- 
posite emission function E(t) starts to rise at a pre- 
endpoint point Tp in time prior to T, but that this 
rise is insufficient to exceed the predetermined 

40 slope m. It should also be noted that the slope of 
the function E(t) drops off after an end-of-process 
point Te in time. The period of time between T and 
Te corresponds to the over-etch portion of the etch 
cycle. Therefore, as noted above, the function E(t) 

45 can be used to monitor a number of conditions' 
within the plasma etch system 12 and not just the 
endpoint condition. 

The composite emission function E(t) has a 
number of advantages over any one of the digital 

so channels for the detection of endpoint and other 
operating conditions. First, by mathematically com- 
bining a number of channels the sensitivity of the 
function is greatly enhanced over any individual 
one of the channels. This can be seen In the curve 

55 E(t) in Fig. 11 where the transitions of the curve E- 
(t) are much more pronounced than the transitions 
in any one of the channels. Secondly, the signal-to- 
noise ratio is improved in E(t) because more data 
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is processed allowing the effects of noise and other 
transients to be minimized. Thirdly, different pro- 
cesses can be monitored by changing the weigh- 
ting factors A(i) for the various channels. For exam- 
ple, in a first process channels D(1,t) and D(4.t) 
might be emphasized, while in a second process 
channels D(2,t), D(3,t) and D(5,t) might be em- 
phasized. In consequence, a variety of different 
processes or multiple-etch processes can be mon- 
itored by changing the mix and weight of the 
various data channels. 

While this invention has been described in 
terms of several preferred embodiments, it is con- 
templated that alterations, modifications and per- 
mutations thereof will become apparent to those 
skilled in the art upon a reading of the specification 
and study of the drawings. It is therefore intended 
that the following appended claims include all such 
alterations, modifications and permutations as fall 
within the true spirit and scope of the present 
invention. 

Claims 

1. A method for monitoring the operation of a 
plasma etch apparatus, in particular for deter- 
mining an operation endpoint comprising: 
monitoring a plurality of parameters associated 
with the operation of said plasma etch appara- 
tus; 

forming a composite of said plurality of param- 
eters; and 

analyzing said composite to determine etch 
conditions within said plasma etch apparatus. 

2. The method of claim 1, wherein said plurality 
of parameters include the monitoring of the 
D.C. bias of a cathode and/or a plasma emis- 
sion spectrum within said plasma etch appara- 
tus. 

3. The method of claim 2, wherein said step of 
forming a composite includes forming a com- 
posite of at least two spectral components of 
said plasma emission spectrum and/or said 
D.C. bias, in particular of a weighted sum 
thereof. 

4. The method of claim 2 or 3, wherein said step 
of forming a composite further includes filtering 
undesired components from said composite 
and/or removing the background level from 
said weighted sum. 

5. The method of any of claims 1 to 4, wherein 
said step of forming a composite includes: 
digitizing said plurality of parameters, in par- 
ticular said spectral components to provide a 



plurality of digital parameters; 
multiplying said plurality of digital parameters 
with a weighting factor; and 
summing said weighted, digital parameters to 
5 develop a time related sum function. 

6. The method of claim 5, wherein said step of 
forming a composite includes: 

summing said time related sum function over 
10 time to develop a time related background 
function; and 

subtracting said time related background func- 
tion from said time related sum function to 
develop a time related offset function. 

15 

7. The method of claim 6, wherein said step of 
forming a composite includes: 

performing a notch filter function on said time 
related offset function to remove undesired 
20 components from said time related offset func- 
tion. 

8. The method of any preceding claim, wherein 
said step of analyzing said composite includes: 

25 analyzing the time-dependent change of said 
composite; and 

comparing said time-dependent change with a 
predetermined value. 

30 9. The method of claim 8, wherein steps of ana- 
lyzing the time-dependent change and com- 
paring said time-dependent change with a pre- 
determined value is repeated a plurality of 
times, and wherein endpoint is determined 

35 after a number of consecutive comparisons 
indicate endpoint conditions. 

10. An apparatus (10) for monitoring the operation 
of a plasm etch apparatus (12) comprising: 

40 means (22) for monitoring a plurality of param- 
eters associated with the operation of said 
plasma etch apparatus (12); 
means (24) for forming a composite of said 
plurality of parameters; and 

45 means (24) for analyzing said composite to 
determine etch conditions within said plasma 
etch apparatus (12). 

11. The apparatus (10) of claim 10, wherein said 
so means (22) for monitoring includes means for 

monitoring the D.C. bias of a cathode (16) 
within said plasma etch apparatus (12) and/or 
means (28) for monitoring spectral component- 
(s) of a plasma emission spectrum within said 
55 plasma etch apparatus (12). 

12. The apparatus (10) of claim 10 or 11, wherein 
said means (28) for monitoring a plurality of 
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parameters, in particular said spectral 
components) includes: 
a plurality of photosensor means (62); and 
a plurality of filters (60) associated with said 
plurality of photosensor means (62) and dis- 5 
posed between said plurality of photosensor 
means (62) and said plasma emission (20) 
whereby each of said photosensor means (62) 
is responsive to a spectral component of said 
plasma emission spectrum. w 

13. The apparatus (10) of claim 12, further com- 
prising housing means (30) provided with a 
plurality of light guides (48) for guiding said 
plasma emission spectrum to said plurality of 75 
photosensor means (62), with said light guides 

(48) preferably indcluding tapered holes 
through said housing means (30). 

14. The apparatus (10) of any of claims 10 to 13, 20 
further comprising analog-to-digital converter 
means (70) responsive to said plurality of 
photosensor means (62) and operative to pro- 
duce digital data corresponding to said plural- 
ity of spectral components and said means for 25 
forming a composite and said means for ana- 
lyzing said composite comprise digital com- 
puter means (24) responsive to said digital 
data. 

30 

15. The apparatus (10) of claim 14, wherein said 
digital computer means mathematically com- 
bines said digital data and derives an endpoint 
condition from said mathematical combination. 

35 

16. An emission detection apparatus (10) compris- 
ing: 

an elongated probe (28) provided with a plural- 
ity of longitudinal light guides (48) adapted to 
guide light from an electromagnetic emission 40 
source; 

a plurality of transmissive filters (60) asso- 
ciated with said holes (48); and 
a plurality of photoresponsive means (62) as- 
sociated with said transmissive filters (60). 45 

17. The emission detection apparatus of claim 16, 
wherein said light guides (48) comprise lon- 
gitudinal holes through said elongated probe 
(30), said holes preferably comprising trun- 50 
cated conical bores. 
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Figure 4 
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Figure 5 
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